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. Despite numerous efforts 2, 3 to observe supermassive black holes in the process of quenching star formation, conclusive evidence for such a process has remained elusive, particularly in the nearby Universe. On page 504 of this issue, Cheung et al. 4 present state-of-the-art observations that might finally show how super massive black holes can prevent galaxies that are already dominated by old, red stars from forming new ones.
According to our current view of their formation, galaxies grow by merging with other galaxies or by forming new stars, either from freshly acquired gas or from material that is lost by their old and dying stars. Merging events can further rearrange them into rounder shapes, whereas galaxies that benefit from a constant supply of external or recycled gas can form a stellar disk dominated by young, blue stars. Galaxies that have no external gas supply evolve passively into old, red stellar systems collectively called earlytype galaxies (otherwise known as elliptical or lenticular galaxies).
And yet, up to 75% of early-type galaxies contain gas that could potentially fuel new bursts of star formation 5 . The fact that stars are observed to form in only 10-20% of such galaxies 6, 7 suggests that some kind of starformation quenching is taking place. This is consistent with the finding that gas in earlytype galaxies is usually in a warm, ionized state, rather than existing as cold clouds of gaseous molecules from which stars can form.
The radiation emitted from ionized gas is generally powered by hot but old stars 6, 8, 9 , rather than by massive, newly born stars such as those in the disk of the Milky Way and in other spiral galaxies. Also, unlike cold molecular gas, which always orbits in a thin disk at the circular velocity set by the local gravitational potential, the warm gas of early-type galaxies often shows sizeable, random motion -suggesting either that it is being stirred up somehow, or has yet to settle down 10 . However, the kinematics of the ionized gas in early-type galaxies has so far been considered to be consistent with coherent, although perhaps not completely ordered, rotation. chain gaining translational efficiency at the expense of ATP synthase subunits. In essence, therefore, the two genetic systems respond identically, despite being located in different compartments.
The authors also found that changes in the translation of nuclear-encoded mRNAs in the cytoplasm were independent of mitochondrial translation. By contrast, inhibition of cytoplasmic ribosomes not only induced the translation of many mitochondrial transcripts, but also specifically reduced the synthesis of some proteins. The latter observation is in line with previously identified feedback mechanisms [6] [7] [8] that adjust the synthesis of a subset of mitochondrial proteins to levels that can be assembled into oxidative phosphorylation complexes.
Although the reprogramming of cytoplasmic translation during stress is well documented 9 , how mitochondrial translation is adjusted in response to stress and altered metabolic needs is largely unknown. The expression of individual mitochondrial mRNAs is controlled by translational activators 10 -a diverse family of nuclear-encoded RNA-binding proteins with ill-defined molecular functions. Future challenges therefore include unravelling the exact molecular functions of these translational activators and how they cooperate with other factors involved in translation initiation, to explain how metabolic cues modulate protein synthesis in mitochondria. An equally exciting challenge will be to extend this research from yeast to more-complex eukaryotic cells, such as those of mammals. ■ 
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How black holes restrain old galaxies
Supermassive black holes are thought to keep star formation under control by ejecting or stirring gas in galaxies. Observations of an old galaxy reveal a potential mechanism for how this process occurs. See Letter p.504
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Bi-conical out ow
Gas moving elsewhere in the galaxy Figure 1 | Bi-conical gas outflow from an early-type galaxy. Cheung et al. 4 propose a model of gas outflow from an old, red galaxy (an early-type galaxy) that explains their observations of an early-type galaxy nicknamed Akira. The authors suggest that, when the supermassive black hole at the centre of such a galaxy accretes matter, this can stimulate nuclear activity that drives a bi-conical outflow of gasstirring up gas that is moving elsewhere in the galaxy, and possibly expelling part of it. This provides a possible mechanism by which star formation in early-type galaxies is quenched.
Enter Cheung and colleagues. The authors used spectroscopic observations that allowed them to map the motion of ionized gas across a galaxy and to infer what is powering the gas's emission. In this way, they conclusively show that ionized gas in a substantial fraction of early-type galaxies does not rotate in a coherent fashion. Instead, the authors propose a model whereby the approaching and receding material that is observed across the gas-velocity field of such objects is due to a biconical outflow of gas powered by a centrally active supermassive black hole (Fig. 1) , rather than resulting from the circulation of gas in an inclined disk.
In maps of the intensity of ionized-gas emission, the class of early-type galaxy in which such bi-conical outflows occur is characterized by bisymmetrical, elongated features that align with the gradient in the gas-velocity field. Cheung and colleagues' model has the advantage of having a simple explanation for this defining characteristic: it reflects the accumulation of material on both the approaching and receding sides of the outflow.
The researchers present observations for one prototypical example of this class of object, in which the activity of the central supermassive black hole seems to have been triggered by interaction with a nearby companion galaxy. In this example, which Cheung et al. nickname Akira, such activity is sufficient to sustain the kinetic power of the outflowing wind, which in turn balances the cooling of the warm, ionized gas. Even if the central activity is not enough to rid Akira of its gas, it would provide sufficient energy to stir it by causing turbulence and shocks, and therefore still prevent the gas cooling that leads to star formation.
Although the bi-conical-outflow model presented by Cheung and co-workers is only qualitative, the authors' results might aid our understanding of the role of supermassive black holes in galaxy evolution. Akira is just one of the 10,000 objects that will eventually be targeted by the ongoing campaign (the MaNGA survey 11 ) from which the authors' data are drawn. From the 700 MaNGA galaxies presently being surveyed, Akira-like objects occur as a small (5%), yet non-negligible fraction of early-type galaxies 4 . This could be just the tip of the iceberg -central-black-hole activity can be triggered several times by different accretion episodes, and thus many galaxies that do not presently show outflows could have been stirred, or their gas expelled, by a previous episode.
The observed outflows may also help to solve another riddle: the origin of gas in earlytype galaxies. One way to tell whether an early-type galaxy acquired gas from other galaxies or from recycled material lost from its stars is to compare the gas's angular momentum with that of the stars' . If the gas was internally produced, it should follow the motions of the stars, whereas if it was externally acquired it could just as well move in the opposite direction. Observations 12 of the stellar and gaseous kinematics of early-type galaxies show that the gas comes from mixed sources. This is puzzling, but not really problematic, given that, for instance, galaxies in crowded environments such as galaxy clusters do not interact easily with each other and therefore find it hard to steal gas from smaller companions 12 
.
More troubling is the fact that 25% of early-type galaxies have little or no gas at all 5 . Because early-type galaxies have similar, old stellar populations that would also return gas to their hosts over time, one would expect all early-type galaxies to retain at least some of this recycled material in the absence of an external gas source. By providing evidence for a mechanism capable of removing at least part of the gas, Cheung and colleagues' work might bring us a step closer to explaining why some early-type galaxies seem to be devoid of gas. ■ 
Marc Sarzi is at the Centre for Astrophysics
Killer enzymes tethered
Caspase enzymes promote cell death, but are also involved in sperm development in fruit flies. The discovery that, in sperm, caspase activation is restricted to the surface of organelles called mitochondria sheds light on this unusual role. 2 report that the restriction of caspase activity to the surfaces of organelles called mitochondria allows the enzymes to exert this alternative effect.
S H I G E K
During the development of Drosophila sperm, precursors called spermatids that are linked to one another by cytoplasmic bridges mature simultaneously. Their nuclei elongate, their mitochondria fuse to form two large aggregates, new organelles form and membranes are added around each sperm cell 3 . At the end of this process, organelles and cytoplasmic materials that are not needed in the mature sperm are removed in vesicles, and the spermatids separate from each other in a process called individualization.
Individualization and disposal of cytoplasmic material both proceed from head to tail along spermatids, and caspases are activated in a head-tail gradient. The discovery that caspase inhibitors block individualization and cause male sterility provided the first evidence that caspases were involved in sperm development 1 . In 2007, the biologist Eli Arama and colleagues screened sterile male flies for mutants that could not activate caspases during sperm individualization 4 . This revealed that a testis-specific enzyme called Cullin-3-based ubiquitin ligase (CRL3), which attaches ubiquitin molecules to proteins to modify the proteins' behaviour, is required for caspase activation. The group proposed that CRL3 ubiquitinates an apoptosis-inhibiting protein called Bruce, which is then degraded, enabling caspase activation.
Subsequently, Arama's laboratory identified a protein called Soti that functions as a CRL3 inhibitor 5 by competing with CRL3 targets to bind to the enzyme. Soti is concentrated in the tail region of spermatids and its levels form a gradient opposite to that of activated caspases. Thus, it has been proposed that CRL3 determines the level of activated caspase and that Soti inhibits caspase activation 5 . This mechanism explains how a caspase gradient forms during individualization, but why activated caspase does not kill spermatids has remained a mystery.
In the group's latest study, Aram et al. found that a testis-specific version of the mitochondrial enzyme succinyl-CoA synthetase (SCS) mediates caspase activity in spermatids. SCS is a key enzyme in a process called the Krebs cycle, which generates energy in all
